parallel so that the relative changes in the spindle activity are about zero, thus signalling that the arm is motionless. On the other hand, during isotonic movements, the decrease in the spindle afferent activity normally resulting from muscle shortening is likely compensated by the increasing activity of gamma efferents so that the spindle activity may remain unchanged despite the changes in the arm position. However, due to changes in the referent signals coming from gamma motoneurons, the arm is perceived as moving. Afferent signals from tendon organs, joint and skin receptors, also measured relative to motor control signals, could contribute to kinesthesia in consonance with muscle spindle afferents (Feldman & Latash 1982) .
The hypothesis that position sense involves action-based referents was also used to explain kinesthetic illusions arising during muscle vibration (Feldman & Latash 1982) as well as the phantom limb phenomenon in which a limb continues to be perceived even after it has been amputated (Feldman & Levin 1995; Melzack 1989) . The hypothesis that perception is based on sensory signals represented in an action-based frame of reference seems applicable to other senses. For example, in all cases of postural control described in the target article, the requirement of mechanical balance only constrains the set of possible body configurations. Subjects can still choose a desired posture from this set in a way consistent with task demands. Based on experimental data (Feldman et al. 1998; Lestienne et al. 2000) , it has been suggested that taken together, action-generating control signals can determine a referent body configuration ("referent body image") so that external forces, including gravity, deflect the system from this configuration until balance between the muscle and external forces is regained at some actual body configuration.
The same referent configuration could be used in the perception of the actual postural configuration to decide whether or not the latter meets task demands. The ability to specify appropriate referent body configurations may be a basic mechanism underlying action and perception, which is preserved even in extreme conditions, such as weightlessness when subjects retain the basic set of body configurations characteristic of terrestrial conditions, despite substantial changes in the tonic activity of muscles (Lestienne & Gurfinkel 1988) .
Action-based referent signals also seem necessary for visual processing. For example, while walking in a room or tilting the head, we do not perceive that the room is moving despite the motion of the projection of the visual scene on the retina. This implies that the visual constancy is actively supported by referencing the visual stimuli to control signals producing motor actions, a process reminiscent of the sense of a constant position during isometric contractions. The suggestion that visual and motor systems are interdependent is well supported by experimental observations of different sensorimotor illusions in humans (Lackner & Dizio 1988; Lestienne et al. 1977) and by neurophysiological studies in animals (Deliagina & Fagerstedt 2000) .
In conclusion, neither individual nor global array of sensory stimuli is directly suitable for the planning and execution of actions of the organism in the environment. Since actions are most essential for the survival of organisms, an action-based representation of sensory stimuli has been naturally selected, which makes perception essentially non-direct, regardless of the degree of intra or inter-modal sensory integration.
Abstract: We find Stoffregen & Bardy's argument that the senses are united and that specificity exists within the global array compelling. However, this view is not entirely new and research on the development and the origins of perception in infancy, inspired by Gibson's ecological perspective, also supports their claims. The inclusion of this developmental research will strengthen and challenge some of Stoffregen & Bardy's views.
Stoffregen & Bardy (S&B) tackle several of the more thorny issues in the study of perception. In particular, they examine whether the senses operate independently or collectively as a unitary system in the pick-up of information. They also examine the nature of information available for perception and how information can directly specify an organism's opportunities for action. S&B present a compelling and richly elaborated argument, inspired largely by Gibson's theory and contemporary dynamical systems perspectives, for the claim that perception is based on the detection of higher-order relations that exist across different forms of energy in a global (spatiotemporal) array. S&B also argue that this view is new and is incompatible with any view of perception that proposes that the senses work separately, or entails a process of internal comparison across the senses to detect intersensory redundancies.
We are in agreement with S&B on many points. For instance we agree with their assertion that information available in the global array is the fundamental basis for perception and action and that it is not impoverished; rather information specifying the potential for action can be directly perceived. We also agree that there is no clear basis for the assumption that perception is accomplished by separate senses. Finally, we agree with their assertion that perception is never truly unimodal, given that one always perceives the environment in relation to the self. However, we believe that S&B have not fully captured the contribution of current developmental research with respect to amodal specification and infants' perception of the global array. Their claim that most views of amodal perception entail a process of internal comparison is not completely accurate. Finally, S&B have omitted a convincing account of how modality-specific properties and differences across the senses are perceived within their perspective.
Concerning S&B's discussion of amodal specification and the global array, we point out that their view of amodal specification is not new. As highlighted by E. J. Gibson:
More accurately, amodal specification refers to the fact that information is not specific to one sensory modality. I mean the term to suggest that there is information in stimulation, which is not tied to specific sensations but is rather invariant over them. An amodal property is not an intermodal relationship strictly speaking. I mean by it a higher order relational stimulation which is not specific to a modality. Intensive dimensions might be an example. (Gibson 1969, p. 219) These assumptions have shaped much of the infant work conducted from the ecological perspective (e.g., Bahrick 1988; 1992; 1994; Bahrick & Lickliter 2000; Bahrick & Pickens 1994; Eppler 1995; Rochat 1995; Schmuckler 1995; Walker-Andrews 1988; 1997) . These developmental researchers have similarly described the global array as a spatio-temporal array, and have also emphasized that amodal specification is abstract, higher order, and entails detection of relational information with a unified perceptual system. These conceptualizations of amodal specification do not involve a process of internal comparison in order to detect redundancies across the senses (e.g., see Bahrick & Lickliter 2000) . Further, the "intensity hypothesis" (see Turkewitz et al. 1983 ) also embodies S&B's view of amodal specification and describes early infancy as a period when all stimulation is experienced along an undifferentiated dimension of intensity.
Given that the study of infants provides a view of the organism in a more basic state, a greater emphasis on infant research, especially that conducted to discover the origins and general principles of perception, would be appropriate for S&B's discussion of the bases of perception. For example, infant research has generated the following insights regarding the nature of perceptual development, relevant to and consistent with S&B's views regarding amodal specification: First, infants are adept perceivers of amodal relations, including temporal synchrony, tempo of action, rhythm, intensity, and spatial location (see Bahrick & Pickens 1994) . In fact, temporal synchrony may be the most "global" amodal relation, as it is inherently relational and cannot be perceived in any single modality alone. Second, infants detect intersensory relations in order of increasing specificity. That is, global, amodal relations (e.g., synchrony) are detected developmentally prior to nested amodal relations (e.g., temporal information specifying object composition, tempo, or rhythm), and amodal relations are detected developmentally prior to arbitrary, modality-specific relations (e.g., the red object makes a squeaky sound; the word pen goes with the thin object; Bahrick, 1992; 1994; in press ). In fact, there is general agreement that infants detect temporal synchrony early on, if not at birth (Bahrick, in press; Lewkowicz 2000; Slater et al. 1999) . Third, the detection of arbitrary, modality-specific relations is guided and constrained by detection of amodal relations. Thus infants learn arbitrary, modality-specific relations in the presence, but not in the absence of amodal relations such as temporal synchrony uniting the visual and acoustic stimulation (Gogate & Bahrick 1998; Hernandez-Reif & Bahrick, in press; Slater et al. 1999) . Fourth, intersensory redundancy facilitates perceptual differentiation and leads to more effective processing than the same information presented unimodally (Bahrick & Lickliter 2000) . Thus, the answer to S&B's question as to whether infants are sensitive to information in the global array, is a clear "yes," and there is already much evidence on this topic. We are eager to find out how S&B integrate the general principles of development outlined above into their discussion of perception.
Finally, we are in agreement that observers must also detect differences in stimulation that emanate from different energy sources. Detection of amodal invariants requires detecting what is constant across different kinds of stimulation. In fact, redundancy of this sort is a powerful garner of infant attention and infants detect amodal properties (e.g., synchrony, rhythm, tempo) developmentally prior to other properties. Further, according to the intersensory redundancy hypothesis (Bahrick & Lickliter 2000) , infants are better able to discriminate an amodal property when it is presented bimodally than unimodaly. Bahrick and Lickliter (2000) demonstrated that 5-month-olds detected a rhythm when it was presented visually and acoustically (a hammer banging in synchrony with its impact sounds), but not when it was presented either visually or acoustically alone. This intersensory facilitation entails detection of the convergence of stimulation (rhythm) across different modalities (a higher order temporal relation) and therefore also implies an appreciation of the differences in stimulation across modalities. Pick up of differences, too, must be accomplished with a unified perceptual system. In fact, we would suggest that the greater the differences in stimulation, the more the redundancies across these differences stand out as higher order invariants. One need not conclude that we have separate senses in order to register the differences in stimulation emanating from different energy sources. Our perceptual system is flexible, unified across the senses, and attention to these different dimensions is a matter of attentional selectivity.
Briefly, S&B have done a wonderful job of making explicit and questioning the basic assumptions underlying current research and theory in perception. This article serves as a call to other researchers to examine these issues, make explicit the assumptions underlying their research programs, and evaluate their internal consistency. Stoffregen & Bardy (S&B) analyze three hypotheses about relations between ambient arrays and physical reality, arguing that that it is not possible, in principle, for there to be a unique relation between physical motion and the structure of individual energy arrays. S&B argue that physical motion relative to different referents is specified only in the global array. This perspective poses a challenge to traditional, inference-based theories of perception and cognition, as well as work within the ecological approach to perception and action. While this target article elucidates the differences between specification (i.e., the existence of information), and perception (i.e., information pick-up), and the implications for theories of perception, we would argue that what is missing is the acknowledgment of the meaningfulness of information, namely the primacy of the task-centered goal in these voluntary movements. S&B state, sometimes behavior is not controlled relative to the direction of balance even when the direction of balance is present; we sacrifice alignment with the direction of balance to some other goal. Examples include a soccer goal-keeper diving to catch a shot, and a baseball player diving to catch a fly ball. In such cases, once the player has left the ground, the ball may be the sole referent for both perception and control.
Goal directed meaning connects perception and specification
What we would argue is that even before leaving the ground the ball is the most meaningful referent because the goal of the task is to catch the ball! We believe that the task goal determines the dynamic use of different sources of information and the saliency of each informational source during the completion of a task. Recent experiments from our laboratory have shown how the introduction of different types of local sensory information (e.g., haptic or auditory) can both locally and globally stabilize a subject's coordination during conditions where it would normally become unstable (Fink et al. 2000; Jirsa et al. 2000; Kelso et al. 2000) . In addition, it has also been shown that the same information (e.g., relative phase) can be important for disparate tasks, such as movement pattern recognition and production (Haken et al. 1990) . Furthermore, when a biological system functionally stabilizes a system that is inherently unstable (i.e., an inverted pendulum), the visually specified timeto-balance drives the corrective actions necessary to avoid a catastrophic fall (Foo et al. 2000) . However, during non-critical motions of the pole, the same time-to-balance information does not appear to be important.
One extension of this view that the goal determines the meaningfulness of the available information is that learning is a process by which the organism discovers just what information is important to the successful completion of the task. From the authors' own example, "learning a somersault, for example, appears to depend upon the discovery and control of higher-order relations between vestibular, mechanical, and optical patterns of energy (Bardy & Laurent 1998) ." This process of discovering the relevant perception/action relationships may also be seen in motor development (e.g., prehension in infants, see Thelen 1990) In short, the linkage between specification and perception is driven by meaningful (i.e., task specific) informational variables
